Chlamydia trachomatis. A quantitative 5 nuclease assay (TaqMan PCR) was developed and validated. The assay detected a fragment of the MgPa adhesin gene by use of a TaqMan MGB (minor groove binder) probe and included an internal processing control to detect PCR inhibition. Urethral swab specimens and first-void urine samples from M. genitalium-positive men were examined, and the M. genitalium DNA load was correlated to symptoms and signs. The assay consistently detected <5 genome copies without cross-reactions with other mycoplasmas. Urine and urethral swab specimens from men with urethritis had higher M. genitalium DNA loads than specimens from men without urethritis. However, a very broad overlap of DNA loads between patients with and without urethritis was observed. Urethral swab specimens from patients with urethral discharge had a significantly higher DNA load than specimens from patients without discharge. This correlation was not found in first-void urine specimens.
Mycoplasma genitalium was first isolated after prolonged incubation from 2 of 13 men with urethritis (26, 27) . Despite repeated attempts by conventional culture techniques (21, 23) , other urogenital isolates have been extremely rare and have been difficult to obtain (10, 17) . Isolation of M. genitalium in cultures of throat and synovial fluid specimens has also been recorded, although these isolates were mixed with Mycoplasma pneumoniae (1, 25) .
M. genitalium and M. pneumoniae share several structural properties, such as the flask shape and the terminal tip-like structure, and a significant antigenic relationship between the two mycoplasma species has hampered diagnostic serology (15, 16) .
Because traditional procedures for the diagnosis of M. genitalium infection, like culture and serology, have failed, more extensive studies indicating that M. genitalium is a cause of sexually transmitted infections had to await the development of the PCR (11, 18) .
The first two PCR-based studies of M. genitalium in patients with nongonococcal urethritis (NGU) were reported in 1993 (12) . In those studies (16) M. genitalium was found significantly more often in men with NGU than in those without the condition. Furthermore, M. genitalium was found more often in men with Chlamydia trachomatis-negative NGU than in those with chlamydial NGU, indicating that the two microbes may act as separate causes of urethritis (6, 12) . Several case-control studies of NGU patients and controls have confirmed this finding (for a review, see references 8 and 24) . Subsequent studies have shown that M. genitalium is more closely associated with symptomatic urethritis than with asymptomatic urethritis (2; P. J. Horner and D. Taylor-Robinson, Letter, Lancet 343:790-791, 1994), particularly in those patients with an observable discharge (7) . Recently, chronic NGU was also demonstrated to be associated with M. genitalium infection (5) The detection of M. genitalium in higher numbers in urogenital specimens from patients with NGU than in those without the condition would further strengthen the evidence that M. genitalium is a cause of NGU (22) . Recently, data supporting the presence of a higher number of M. genitalium DNA copies in first-void urine (FVU) from patients with nonchlamydial NGU (NCNGU) than from asymptomatic men was presented (28) . Those researchers applied a quantitative TaqMan 5Ј nuclease assay based on 16S rRNA gene sequences to M. genitalium-positive specimens. However, only two asymptomatic men were examined; therefore, we decided to study a larger series of patients. In order to do so, we developed a TaqMan quantitative PCR assay based on a conserved region of the MgPa gene and examined stored clinical material with the purpose of confirming the findings. The 16S rRNA gene of M. genitalium is very homologous to that of M. pneumoniae, and furthermore, the preponderance of secondary structures inherent to this gene precluded the design of specific and sensitive primers and probes for the TaqMan assay. We have previously demonstrated that the M. genitalium MgPa adhesin gene contains conserved regions interspersed with hypervariable sequences and that the hypervariable regions correlated with the MgPa repeated regions, which can be found in nine different positions in the genome (19) . From previous experience, however, we knew that results obtained with the MgPa1 and MgPa3 primer set (11) correlated very well with those of a 16S rRNA gene-based assay (9) ; and since partial MgPa sequence information was available for four Danish strains (19) , we selected primers and probes from conserved regions of the MgPa gene. The assay was validated regarding specificity against all human mycoplasmas and a range of phylogenetically related species. Sensitivity was validated by comparing the results of the PCR for detection of the 16S rRNA gene; by analyzing the standard curve in the presence of different clinical specimen types; and by adding known amounts of M. genitalium to clinical specimens to control for the matrix effect, i.e., the effect of irrelevant DNA and other components in clinical specimens.
(These data were presented in part at the 14th Meeting of The International Organization for Mycoplasmology, July 2002, Vienna, Austria.)
MATERIALS AND METHODS
Patients and specimens. As part of an ongoing study of the clinical and epidemiological aspects of M. genitalium infection, male patients attending a sexually transmitted disease (STD) clinic in Huddinge, Stockholm, Sweden, between August 1997 and November 2001 were enrolled after providing informed consent. Patients without urethritis attended the clinic for a checkup for STDs, testing for human immunodeficiency virus infection, or treatment for condyloma or as part of contact tracing of patients with STDs. The local ethical committee approved the study. Urethral discharge specimens for smears were obtained with a plastic loop, and the smears were stained with methylene blue. Patients with a smear showing Ն5 polymorphonuclear leukocytes (PMNLs) per high-power (ϫ1,000) microscopic field (hpf) were considered to have urethritis. Patients with 5 to 10 PMNLs/hpf were defined as having low-grade urethritis, whereas those with Ͼ10 PMNLs/hpf were defined as having high-grade urethritis.
After the discharge specimen for the smear was taken, a urethral swab sample was collected with a cotton-tipped swab for culture of Neisseria gonorrhoeae. Then, an ear-nose-throat cotton-tipped aluminum swab was inserted 3 to 4 cm into the urethra and subsequently placed in a tube with 1.8 ml of SP4 mycoplasma broth medium (10) . This specimen was used for detection of M. genitalium and C. trachomatis by PCR. After the clinical examination, the patient was asked to collect 15 to 20 ml of FVU; 12 ml was used for the routine detection of C. trachomatis by PCR at the local diagnostic laboratory, and the remaining FVU was sent together with the urethral swab specimen by ordinary mail to the laboratory in Copenhagen. No information about the clinical status of the patients was given to the laboratory. One hundred FVU specimens were randomly selected from among those found to be M. genitalium positive by a conventional PCR assay for detection of the 16S rRNA gene (9) . After the code regarding the identity and clinical symptoms of the patients was broken, it became apparent that 21 men provided more than one FVU specimen, thus excluding 29 FVU specimens. In several cases, the patients were considered by the clinicians to have a new infection, but only the specimen from the first visit was included for analysis of the correlation between M. genitalium DNA load and clinical findings in the present study. Nine men had received antibiotics for a urogenital tract infection within the previous 6 months and were excluded. Thus, specimens from 62 men were included in the study. Nine of the 62 patients were also positive for C. trachomatis, and specimens from these patients were analyzed as a separate group. A flowchart illustrating the selection and elimination of patients and specimens is presented in Fig. 1 .
A matching urethral swab specimen was available for 93 of the 100 FVU specimens, and 13 of these were M. genitalium negative by conventional PCR. Urethral swab specimens from 56 of the 62 men finally included in the study were analyzed, and 8 of these were M. genitalium negative by conventional PCR.
Organisms and growth conditions. M. genitalium strains G-37 T , R 32G, Tw 10-6G, Tw 10-5G, Tw 48-5G, UTMB-10G, and M30 and M. genitalium strains isolated in our laboratory, designated M2282, M2298, M2300, M2321, M2341, M6090, and M6151, were grown in modified Friis's FF medium containing horse serum (10 (20) . DNA from M. genitalium G-37 T and M. pneumoniae strain Mac was extracted with chloroform as described previously (11) . DNA was quantified spectrophotometrically and by visual comparison after gel electrophoresis and ethidium bromide staining. DNA from the other mycoplasma species tested was released by resuspending the pellet from 2 ml of broth culture obtained after centrifugation at 30,000 ϫ g for 15 min at 4°C in 100 l of lysis buffer (10 mM Tris HCl [pH 8.0], 1 mM EDTA, 0.5% Tween 20, 0.5% Nonidet P-40) containing 200 g of proteinase K per ml. The samples were incubated at 55°C for 30 min, the proteinase was inactivated at 94°C for 15 min, and the tubes were briefly centrifuged to collect condensation droplets.
Sample preparation for PCR. Sample preparation was performed before the specimens were frozen. A 100-l aliquot of the swab specimen in SP4 mycoplasma broth medium was mixed with 300 l of a 20% (wt/vol) Chelex 100 slurry (Bio-Rad, Richmond, Calif.) in TE buffer (10 mM Tris-HCl [pH 8.0], 1 mM EDTA), and the mixture was vigorously vortexed for 60 s and incubated at 95°C for 10 min. After centrifugation at 20,000 ϫ g for 5 min, 5 l of the supernatant, which corresponded to approximately 2 l of the original swab specimen, was used for PCR. Urine specimens were concentrated by centrifugation of 1,800 l at 20,000 ϫ g for 15 min. The supernatant was discarded, with care taken not to dislodge the pellet yet to leave only a minimal amount of urine in the tube. The Chelex 100 slurry (300 l) was added, and the mixture was treated as described above for the swab specimens. A total of 5 l of the supernatant, which corresponded to approximately 36 l of the FVU specimen, was used for PCR.
Selection of primers and probes. Partial sequences of the M. genitalium MgPa adhesin gene from five different strains (M. genitalium G-37 T , M2288, M2300, M2321, and M2341) (19) were aligned. The Primer Express program (version 2.0; Applied Biosystems, Foster City, Calif.) was used to find compatible primer and probe pairs from the M. genitalium G-37 T sequence, and the selected sequences were compared with the alignment. Since the selected TaqMan probes were very long due to the low GϩC contents of the selected regions, a new search was performed by using the TaqMan MGB (minor groove binder) primer and probe design option. TaqMan MGB probes are conjugated to the 3Ј end with MGB groups. They form extremely stable duplexes with single-stranded DNA targets, allowing shorter probes to be designed (14) , and they are supplied with nonfluorescent quenchers, which increases the possibilities for multiplexing. The selected primers amplified a 78-bp fragment with a 35% GϩC content positioned between bases 1420 and 1497 in the MgPa operon sequence (GenBank accession no. M31431). The 18-bp MgPa-380 probe (Applied Biosystems) was labeled with 6-carboxyfluorescein (FAM) at the 5Ј end ( Table 1) .
Construction of an IPC for inhibition. In order to detect Taq DNA polymerase inhibitors or suboptimal reaction conditions, an internal process control (IPC) was constructed as described previously (9) . In brief, primers for amplification of parts of the phage lambda genome were synthesized with a tail that included the sequence of each of the MgPa primers added to the 5Ј end of the corresponding phage lambda primer (Table 1) . PCR products of 204 bp thus containing the binding sites of the MgPa primers were obtained by amplification of 1 ng of purified phage lambda DNA. The amplicons were gel purified, and a 10-fold titration of the IPC was added to separate master mixtures. The dilution of the IPC that had no influence on the threshold cycle (C t ) number for purified M. genitalium DNA was used in the assay. The phage lambda IPC-R probe (TAG Copenhagen, Copenhagen, Denmark) was 5Ј labeled with 6-carboxytetramethylrhodamine (TAMRA) and quenched with Black Hole Quencher 2.
TaqMan assay. Initial TaqMan assays were performed with the ABI TaqMan Universal PCR Master mix No AmpErase UNG (Applied Biosystems). However, C t values were consistently lower and the relative increase in fluorescence was higher with the in-house master mixture described below. In particular, the IPC probe produced very poor amplification curves with the ABI master mixture regardless of the concentration. The assay with the in-house master mixture was performed in a 50-l final reaction volume containing 1ϫ PCR buffer (20 mM Tris-HCl [pH 8.4], 50 mM KCl; Platinum; Invitrogen, Carlsbad, Calif.) with 5 mM MgCl 2 ; 1 M each primer MgPa-355F and MgPa-432R; 225 nM TAMRA-labeled phage lambda IPC-R Taqman probe; 75 nM FAM-labeled MgPa TaqMan MGB probe (Table 1) ; 62.5 M each dATP, dGTP, and dCTP; 125 M dUTP; 10% glycerol (Sigma-Aldrich Denmark A/S, Copenhagen, Denmark); 1 l of 6-carboxy-Јx'-rhodamine reference dye (Invitrogen); 5 l of the appropriate dilution of IPC; and 2 U of Taq DNA polymerase (Platinum Taq; Invitrogen). An ABI 7900HT PRISM SDS real-time PCR instrument (Applied Biosystems) was used with a 96-well block and MicroAmp Optical 96-well reaction plates covered with ABI PRISM Optical Adhesive Covers (Applied Biosystems). The SDS instrument was programmed to a cycle of 50°C for 1 s (stage 1), 95°C for 10 min (stage 2), and 50 cycles of denaturation at 95°C for 15 s and annealing and extension at 60°C for 1 min. The primers amplified the 78-bp MgPa gene fragment and a 204-bp IPC fragment. Standard curves were produced by analyzing 10-fold dilutions of M. genitalium DNA containing 5 to 500,000 genome equivalents (geq). The M. genitalium DNA was diluted in TE buffer (pH 8.0) containing 1 g of calf thymus DNA (D-8661; Sigma-Aldrich) per ml. All tests were performed in duplicate with 5 l of template DNA. The Chelex 100-treated specimens had been stored at Ϫ20°C for up to 5 years (median storage time, 24 months; storage time range, 9 to 60 months).
Validation of the TaqMan assay. The specificity of the TaqMan assay was evaluated by testing the members of the class Mollicutes, mentioned above, which covered all known human mycoplasma species and a range of other species covering phylogenetically related species and representatives of species from other branches. Furthermore, all currently available cultured strains of M. genitalium were included. The matrix effect was studied by adding 5 l of each of 82 different Chelex 100-extracted M. genitalium-negative clinical specimens to a fixed amount of M. genitalium DNA and comparing the calculated DNA load to that found in wells receiving only water. The specimens stemmed from 38 male on September 9, 2017 by guest http://jcm.asm.org/ patients and 2 female patients, with each male patient providing an FVU specimen and a urethral swab specimen and each female patient providing an FVU specimen and urethral and cervical swab specimens. The capability of the assay to quantify M. genitalium DNA in the presence of clinical specimens was investigated by adding the M. genitalium DNA dilutions used to establish the standard curve to a fixed amount of 5 l of Chelex 100-extracted clinical specimen. Six standard curves were prepared, with one curve each prepared for male FVU specimens, male urethral swab specimens, female FVU specimens, female urethral and cervical swab specimens, and water. The theoretical quantity assigned for a range of relevant C t values was estimated for each of the standard curves. In order to determine the limit of detection, purified DNA corresponding to 4 geq was tested in 12 replicates, and similarly, 24 replicates each of DNA corresponding to 3, 2, and 1 geq were tested. Logistic regression analysis was used to determine the amount of DNA that could be detected with a 95% likelihood.
Two hundred randomly selected urogenital specimens from patients found to be negative by conventional M. genitalium PCR (9) were tested by the TaqMan assay in order to document the clinical specificity and to compare the occurrence of inhibition or reaction failures.
In order to estimate the reproducibility of M. genitalium DNA load determination between sample preparations, frozen FVU and urethral swab specimens positive for M. genitalium by PCR were examined; 12 FVU specimens and 10 urethral swab specimens were divided before being subjected to sample preparation, and each of the two preparations were tested in six replicates by the TaqMan assay.
DNA sequencing. In order to confirm the sequence conservation in the primer and probe binding sites, the DNA in 32 specimens from 30 randomly selected M. genitalium-positive patients were amplified with the MgPa1 and MgPa3 primer set (11) . Lysates were also prepared from the broth cultures of 10 available M. genitalium strains (Table 2) , and the DNA was amplified with the same primers. The amplicons were sequenced in both directions with the MgPa1 and MgPa3 primers with the ABI PRISM BigDye Primer Cycle Sequencing kit with dye terminators (Applied Biosystems). Sequences were read on an ABI PRISM 377 sequencer (Applied Biosystems).
RESULTS
Validation of the TaqMan assay. The assay with the M. genitalium probe and primer set selected was very robust and sensitive. It was found that the use of calf thymus DNA in the buffer for dilution of the M. genitalium DNA standards was important for the reproducibility, particularly for the lowest DNA concentrations. The standard curve generated by 10-fold dilutions of M. genitalium DNA was linear over a range of 5 log units, as illustrated by an r 2 value of Ͼ0.99 for 10 consecutive setups. By using a model in which variances depend exponentially on log quantity and by also taking into account correlations between measurements originating from the same level of dilution of the same DNA standard, the 95% confidence intervals for true values of DNA loads could be estimated by use of fictitious duplicate C t values. Examples of such calculations as well as the coefficients of variation (CVs) for a range of selected C t values are given in Table 3 .
The calculated limit of detection that would be positive for 95% of the wells analyzed was 4.65 geq; i.e., the assay was consistently capable of detecting less than 5 geq of M. genitalium. By use of the sample preparation method described here, this would correspond to 3,500 geq/ml for urethral swab specimens or 6,300 geq per swab and 140 geq/ml of FVU.
The TaqMan assay was less prone to inhibition than our conventional PCR for detection of the 16S rRNA gene, as experienced during parallel testing by the two assays. Among 200 M. genitalium-negative specimens, 18 (9%) were initially inhibited or failed to amplify the IPC in the PCR for detection of the 16S rRNA gene, whereas none were inhibited or failed to amplify the IPC in the TaqMan assay (P Ͻ 0.0001, McNemar's test). Even with a crude DNA preparation simply prepared by boiling the clinical specimen in a suspension of Chelex 100 resin, 5 l of the lysate could be used for the TaqMan assay without interfering with the quantification. This was demonstrated by plating a master mixture containing 100 geq of M. genitalium into 82 wells of the PCR plate and adding 5 l of a Chelex 100-treated clinical specimen found to be negative by conventional PCR. The two wells receiving sterile water had a calculated DNA load of 75 geq, whereas the calculated DNA loads of those wells receiving a clinical spec- a The quantities were determined by use of a model in which variances depend exponentially on log quantity and also modeling of the correlations between repetitions for the same DNA standard.
b The mean of two observations. c CI, confidence interval.
imen were in the range of 58 to 169 (mean, 101), demonstrating the lack of inhibition and good reproducibility regardless of the presence of human DNA. The lower calculated loads in the wells receiving sterile water were seen repeatedly and are probably an effect of the human DNA present in the clinical specimens, which may act as a carrier. The presence of different types of clinical specimens had only minor influences on the standard curve. The modeling of the standard curves described above showed that the slopes of the standard curves generated in the presence of male urethral swab specimens or cervical swab specimens were statistically significantly different from the slopes of the curves generated without clinical material. However, the practical robustness of the method was illustrated when the six individual standard curves with and without clinical specimens were used to calculate the DNA loads and CVs from a range of fictitious duplicate C t values (Table 4) . By using a mean C t of 30, DNA loads that varied between 598 and 722 (mean, 643) were returned.
The variation contributed by the type of sample preparation was studied for 12 FVU specimens and 10 urethral swab specimens, which were divided before sample preparation. Each of the two preparations was tested in six replicates, and the means and CVs for the two preparations were compared. As illustrated in Table 5 , less than a twofold difference in the M. genitalium DNA load was found for all specimens containing a mean of Ͼ5 geq, and linear regression revealed a correlation coefficient of 0.9996 (r 2 ϭ 0.9992). The wide range of mycoplasma species mentioned in Materials and Methods gave negative reactions by the TaqMan assay, and the 200 urogenital specimens negative by conventional PCR were also negative by the M. genitalium TaqMan assay.
The primer and probe sequences were selected from the available sequences from isolate G-37 T (variants US and DK) as well as Danish isolates M2288, M2300, M2321, and M2341 (19) . These sequences were supplemented with five sequences of strains from the respiratory tract and synovial fluid as well as the sequence of a late passage of strain M30, which is a urethral isolate ( Table 2) .
The primer and probe sequences selected from all of the cultured strains initially sequenced were 100% identical, as can be seen in the alignment shown in Fig. 2 . However, it was decided that additional sequence information should be collected in order to provide additional information about the assay, and therefore, the relevant part of the MgPa genes of three recent isolates obtained in our laboratory as well as an early passage (passage 7) of urethral strain M. genitalium M30 were sequenced together with 30 randomly selected amplicons produced with the MgPa1 and MgPa3 primer set from samples from 28 patients. To our surprise, 10 amplicons produced from samples from 9 of the 28 patients studied carried one or two mutations in the forward primer. Five divergent types were found (Fig. 2) . With the aim of studying the influences of these mutations on the detection limit and linearity of the assay, clinical specimens with each of the divergent sequences were tested undiluted and at fivefold dilutions (to 1:3,125) in TE buffer containing 1 g of calf thymus DNA per ml. The same amount of the diluted specimen (5 l) was subjected to amplification by the PCR for detection of the 16S rRNA gene and the TaqMan assay. For all of the mutation types, the detection limit was the same or fivefold lower by the TaqMan assay than by the conventional PCR. Since four of the five undiluted clinical specimens contained less than 250 geq, the linearity could not be determined with certainty since the CVs for low DNA loads were too high to allow the construction of a standard curve. 5  30  641  12  610  7  626  13  598  7  662  10  722  7  34  43  26  40  12  38  16  38  10  44  13  50  12  38  3  71  3  20  2  22  2  17  3  19  3  25 a Quantities were determined by use of a model in which variances depend exponentially on log quantity and also modeling of the correlations between repetitions for the same DNA standard. Modeling was based on standard curves generated with various urogenital specimen types. The remarkable heterogeneity found by restriction enzyme digestion of the amplicon generated with the MgPa1-MgPa3 primer set has been reported previously (11) . These findings were confirmed in the present study. The variability in this area is surprising since this part of the MgPa gene is present only in a single copy in the M. genitalium G-37 T genome sequence. The 15-bp insert found in specimen 16221 was noteworthy, and this region of the gene seems to be rather variable. Whether the variability reflects differences in strain pathogenicity cannot be established in the present study.
The significant homology between the sequences of strain G-37
T and the respiratory and synovial fluid strains as well as the late passage of strain M30 is striking and may indicate a clonal origin, which was also demonstrated in a previous study by typing by amplified-fragment length polymorphism analysis (13) . The early passage of strain M30, on the other hand, had two base substitutions that led to the loss of the EcoRI restriction enzyme site present in the late-passage strain and the type strain.
Patients and specimens. Of the 100 FVU specimens with a positive result by conventional PCR, all were positive by the TaqMan assay. Of the 87 urethral swab specimens, 11 were M. genitalium negative by conventional PCR, but 2 of these were positive by the TaqMan assay. One of the 76 urethral swab specimens positive by conventional PCR was negative by the TaqMan assay.
The median age of the 62 M. genitalium-positive men who provided the FVU specimens that were included in the study was 27 years (age range, 18 to 52 years); 14 men did not have urethritis. Two of these men were also positive for C. trachomatis. Fourteen men had low-grade urethritis, defined as 5 to 10 PMNLs/hpf in the urethral discharge. One man was concomitantly positive for C. trachomatis. High-grade urethritis was found in 34 men, of whom 6 were also positive for C. trachomatis. There was no difference in the age distributions between the groups.
M. genitalium DNA load in FVU specimens. C. trachomatisnegative patients without urethritis (n ϭ 12) had a median M. genitalium DNA load of 22.7 geq (range, 0.5 to 25,709 geq), whereas the 13 men with low-grade NCNGU had a median load of 837 geq (range, 0.5 to 16,093 geq) and the 28 men with high-grade NCNGU (Ͼ10 PMNLs/hpf in the urethral secretion) had a median load of 647 geq (range, 6 to 225,657 geq). Only two of the nine C. trachomatis-positive patients did not have urethritis; consequently, C. trachomatis-positive patients were considered as a separate group and had a median M. genitalium DNA load of 75 geq (range, 1.5 to 14,092 geq) (Fig.  3) . When the M. genitalium DNA loads in the C. trachomatisnegative groups were compared, they were found to be different (P ϭ 0.025, Kruskall-Wallis test). As is illustrated in Fig. 3 , the variation within each group was considerable.
M. genitalium-positive patients with NCNGU (n ϭ 41) and complaints of dysuria (n ϭ 28) had a median DNA load of 1,105 geq (range, 0.5 to 225,657 geq), whereas those without dysuria (n ϭ 13) had a median DNA load of 411 geq (range, 2 to 2,514 geq). The difference did not reach statistical significance, however (P ϭ 0.07, Mann-Whitney test). A self-reported observation of a discharge (n ϭ 26) was not associated with a higher M. genitalium DNA load in men with NCNGU, and the same was the case when a discharge was observed at the physical examination (n ϭ 20). A discharge was observed by the patient or was detected at examination for 29 patients, and these patients had a median M. genitalium DNA load of 1,057 geq, whereas the 12 patients without a discharge had a median DNA load of 328 geq; the difference did not reach statistical significance (P ϭ 0.11, Mann-Whitney test).
No correlation between age and M. genitalium DNA load was found (Spearman's rank correlation).
M. genitalium DNA load in urethral swab specimens. Fiftysix men provided a urethral swab specimen together with the FVU specimen. The urethral swab specimen, however, was negative by the conventional PCR for detection of the 16S rRNA gene for eight patients, and the same specimens from seven of these patients were negative by the TaqMan assay. The specimen from one patient was negative by the TaqMan assay and positive by the conventional PCR; only 3 geq of M. genitalium was detected in the FVU specimen from this patient. He had attended the clinic for a test for human immunodeficiency virus infection and had no symptoms and lowgrade urethritis. Eight patients were positive for C. trachomatis and were analyzed as a separate group. The M. genitalium DNA loads in patients without urethritis (n ϭ 12), low-grade NCNGU (n ϭ 12), and high-grade NCNGU (n ϭ 24) were not statistically different (Fig. 4) . When the M. genitalium DNA loads in patients with or without urethritis were compared without distinguishing between low-and high-grade NCNGU, patients with urethritis had significantly higher DNA loads than those without urethritis (P ϭ 0.03). The M. genitalium DNA load was significantly higher in urine than in the urethral swab specimens (P ϭ 0.0038, Wilcoxon signed rank test). This also held true if the eight TaqMan PCR-negative urethral swab specimens were excluded from the comparison. However, by taking into account the fact that the volume of FVU specimen analyzed was larger than the volume of urethral swab transport medium, this difference was no longer statistically significant. A linear correlation between the DNA loads in the two specimen types was found (P Ͻ 0.0001) by using nonparametric linear regression, but the 95% confidence interval for the slope was between 0.4 and 3.5, indicating the rather low correlation at the patient level.
A discharge was observed by the patient or was detected at examination for 27 C. trachomatis-negative patients, regardless of the presence or absence of urethritis; and these patients had a significantly higher median M. genitalium DNA load of 248 geq, whereas the 21 patients without a discharge had a median load of 5 geq (P ϭ 0.0001, Mann-Whitney test). In patients with NCNGU, a strong correlation between the median M. genitalium DNA load and the presence of a discharge reported by the patient or detected by examination was also found. The median M. genitalium DNA load for patients with a discharge and NCNGU (n ϭ 25) was 248 geq, whereas those 11 without a discharge had a median load of 13 geq (P ϭ 0.002, MannWhitney test).
The urethral swab specimens of the C. trachomatis-negative patients complaining of dysuria (n ϭ 29) did not have significantly higher M. genitalium DNA loads than the swab specimens of those 19 who did not experience this symptom.
Other findings. Comparison of the intensity of the 16S rRNA gene amplicons from clinical specimens on an ethidium bromide-stained agarose gel with the numbers of M. genitalium geq showed a strong correlation between the intensity of the band and the DNA load (Fig. 5) .
Of the 74 urethral swab specimens positive by conventional PCR, 21 (28%) contained Ͻ10 geq; and of the 100 FVU specimens, 14 (14%) contained Ͻ10 geq. These findings emphasize the need for highly sensitive assays for clinical studies.
DISCUSSION
The quantitative 5Ј nuclease real-time assay developed for the present study was sensitive, specific, and robust. Despite the unexpected finding of five different sequence variants in the forward primer, the sensitivity of the assay was not impaired, as demonstrated by the fact that all 100 FVU specimens found to be positive by the conventional PCR for detection of the 16S rRNA gene were positive by the TaqMan assay and 2 of the 10 urethral swab specimens found to be negative by the conventional PCR were positive by the new assay. Only one urethral swab specimen positive by conventional PCR was negative by the quantitative assay. The result of repeat testing by PCR for detection of the 16S rRNA gene was negative, indicating that the DNA may have deteriorated during storage. The specificity for other mycoplasma species was perfect, but more importantly, the specificity for urogenital specimens found to be M. genitalium negative by conventional PCR was also excellent.
In order to prove that M. genitalium is a cause of urogenital tract infections, modifications of the original Henle-Koch postulates must be used. Taylor-Robinson devised such modifications (22) , and one of the modified criteria was the need to detect the infecting microbe at higher numbers in infected patients than in asymptomatic carriers. M. genitalium should then be detected in higher numbers in urogenital specimens from patients with NGU than in those without NGU. Recently, Yoshida et al. (28) found evidence of higher M. genitalium DNA loads in FVU specimens from patients with NCNGU than in those from asymptomatic men. However, only two asymptomatic men were examined, and the specimen from one of them was actually negative by the TaqMan assay, which makes one question the sensitivity of the assay. Furthermore, the specificity of the assay may not be optimal, since the primer sequences were located in parts of the 16S rRNA gene that are shared with M. pneumoniae and no information about the specificity for M. genitalium-negative clinical specimens was given. On the other hand, the results for FVU specimens found in the present study are in good agreement with those reported in the study by Yoshida et al. (28) , since we found a significant difference in the DNA loads in FVU specimens from patients without urethritis and those from patients with NCNGU. Surprisingly, although a correlation between the DNA loads in FVU specimens and urethral swab specimens was demonstrated, the correlation between DNA load and the presence of urethritis could not be confirmed with the series of urethral swab specimens used when the distinction between low-and high-grade urethritis was maintained. When all samples from patients with NCNGU defined as Ն5 PMNLs/hpf were examined, however, patients with urethritis had significantly higher DNA loads than those without urethritis. The strong association between a high M. genitalium DNA load and the presence of a discharge, which was demonstrated for urethral swab specimens only, may have obscured the relationship when the urethritis group was divided between those with low-and highgrade urethritis. It may not be surprising that the DNA load was higher in urethral swab specimens from patients with a discharge since the amount of secretions collected on the swab would be higher in this situation. On the other hand, one would have expected the same correlation to be found for the FVU specimens, in which the secretions are collected by the washing effect of the urine, but the difference did not reach statistical significance for FVU specimens, although a clear trend was observed. One confounder could be the fact that for all patients the swab specimen was taken before the FVU specimen was collected, and thus, the main part of the secretion may have been collected on the swab due to "milking" of the urethra during the examination. Against this theory would be the finding of a generally higher M. genitalium DNA load in the FVU specimens than in the urethral swab specimens. Also, for 11 of the 87 complete sets of specimens, the urethral swab specimens were negative by conventional PCR, whereas the FVU specimens were positive. By selection of the patients for the study according to a positive result for FVU specimens by conventional PCR, one would expect that not all urethral swab specimens would be positive, but the results are in good agreement with our experience that approximately 95% of the FVU specimens in sample sets are positive by conventional PCR, whereas 87% of the urethral swab specimens are positive by using the sample preparation method described here (J. S. Jensen, B. Dohn, E. Björnelius, and P. Lidbrink, Abstr., Proc. 13th Int. Congr. Int. Org. Mycoplasmol., p. 248, 2000) .
A trend toward a higher M. genitalium DNA load in the FVU specimens from patients with dysuria was observed, but it did not reach statistical significance (P ϭ 0.07). It would probably be rewarding to examine the responses to treatment for patients who have been treated with antibiotics but who fail to clear the organism. These patients often experience a transient clinical improvement which may be associated with a decreased M. genitalium DNA load, but their symptoms often recur after treatment (4) .
Twenty-eight percent of the urethral swab specimens and 14% of the FVU specimens contained less than 10 geq of M. genitalium DNA, and likewise, 20 and 13% of the two types of specimens, respectively, had less than 5 geq, which emphasizes the need for highly sensitive assays for clinical purposes and for improvements in specimen preparation techniques.
The sequencing of both cultured M. genitalium strains and positive clinical specimens provided new insight into the high level of variation found in the MgPa gene, even in parts believed to be conserved. The possibility that mutations have been introduced during the first stages of PCR amplification, particularly in those sequences determined directly from a clinical specimen, cannot be excluded. However, except for the 15-bp insertion, it appears that most of the polymorphisms are found in more than one strain, making this explanation less likely. The observation that the sequences of an early-passage (passage 7) strain and the late-passage strain of one of the original urogenital isolates, strain M30, appear to be different is in need of further investigation. It has previously been reported (19) that the sequence of an early-passage strain of M. genitalium G-37 T received directly from David Taylor-Robinson (G-37 variant DK) was different from that of the strain used for determination of the genome sequence of M. genitalium (G-37 variant US). This polymorphism, however, was apparently confined to parts of the MgPa gene present as multiple repeats (the B region) and could be explained by a single recombination event. Since the polymorphism in strain M30 is outside the repeat regions, other explanations must be applied. Since the MgPa1-MgPa3 primer set used for determination of the sequences has a high sensitivity when it is applied directly to clinical specimens, this part of the MgPa gene shows promise for use in molecular epidemiological studies of sexual networks (i.e., networks of sexual partners) and recurrent infections after antibiotic treatment.
The quantitative TaqMan assay described here may prove to be very useful for several types of studies. In clinical studies, the assay may provide important information on the effect of treatment, which may otherwise be difficult to obtain due to the lack of good culture methods for M. genitalium. Since conven- 
